Studying intraannual growth dynamics through a modelling approach has proved useful for 16 characterizing differences in wood phenology between species and deviations from the expected tree 17 growth due to climate change. The aim of this paper was to determine the climatic factors and the 18 inter-and intraspecific competition traits that drive intraannual secondary growth dynamics in three 19
Introduction 33
Mixed-species forests have gained significant attention in recent years as many studies have shown 34 that tree species richness is a key feature for most forest functions and services (Río et al. 2016) . Some 35 studies have stressed the role of certain mixtures in the improvement of individual tree resistance and 36 resilience (e.g. Lebourgeois et al., 2013) . These benefits are not observed neither in all forest types, 37 nor for all tree species (Grossiord et al. 2014 , Merlin et al. 2015 but they are expected to be more 38 frequent in drought-prone sites (Pretzsch et al. 2013 ) like Mediterranean forests. However it remains 39 unclear how global change will modify mixed forests dynamics in the Mediterranean basin. 40
Global warming is known to alter plant phenology (Cleland et al. 2007 ) leading to decreases in tree 41 radial growth in some cases (Lebourgeois et al. 2010 , Natalini et al. 2015 . The analysis of intraannual 42 growth dynamics through a modelling approach has proved useful for characterizing differences in 43 wood phenology between species and deviations from the expected tree growth due to climate change 44 (Michelot et al. 2012) . Although height growth patterns tend to be similar between coexisting tree 45 species, this does not apply to diameter growth. Carbon assimilated by trees through photosynthesis is 46 firstly assigned to build new photosynthetic tissues (Gea-Izquierdo et al. 2009 ) and primary growth, 47 and only remaining carbohydrates are allocated to girth increment. During the growing season the 48 timing, duration and rate of radial growth can change among species (Rossi et al. 2006 ) and may also 49 change through species interactions and with varying climatic conditions. 50
The role of competition restraining individual tree growth has been widely discussed in the forestry 51 literature, mainly by the use of competition indices. Recent studies have addressed this issue studying 52 the role of inter-and intraspecific interactions on interannual growth (Manso et al. 2015 , De-Dios-53 García et al. 2015 . However understanding how these inter-and intraspecific interactions affect 54 seasonal or daily tree growth in mixtures remains a challenge. 55
Studies on intraannual growth dynamics have been performed using manual band dendrometers 56 (Martín et al. 2014) , automatic band dendrometers (Urban et al. 2013) , electronic point dendrometers 57 (Zweifel et al. 2006 ) and core (Delpierre et al. 2016) or microcore extraction (Rossi et al. 2006) . In 58 spite of their low resolution on a daily basis, advantages from manual band dendrometers are related to 59 their low cost of installation and maintenance (McMahon and Parker 2015) 
Experimental design -dendrometer measurements 118
Data were collected from two adjacent 50 m x 60 m plots placed in two contrasting stocking densities: 119 A high density plot (basal area G=18.8 m 2 /ha), which is located in a wildlife corridor that has not been 120 managed since the 1970s and a low density plot (basal area G=9.6 m 2 /ha), where the last forest 121 management intervention was carried out in 2002. Within each plot, the coordinates of all trees with 122 height greater than 1.30 m were recorded during the summer of 2011. During that measurement as 123 well as in the subsequent measurements, diameter at breast height (dbh), stump diameter, total height, 124 height to crown base, and four perpendicular crown radii measured in cardinal directions were 125 recorded for each tree. Stand attributes are shown in Table 1 . 126
Intraannual girth increment was measured by means of band dendrometers (Dendrometer Increment 127
Sensor DB20 EMS Brno, (www.emsbrno.cz), which were mounted at breast height (1.30 m) on 58 128 trees (dbh > 5cm) after leveling off the bark with a rasp. In order to have a balanced design the 129 dendrometers were split half and half between the high density plot (HDP) and the low density plot 130 (LDP). We selected a balanced representation of the whole range of tree diameters observed in the 131 study area for each tree species. We monitored the secondary growth of 21 P. pinea trees (12 in the 132 HDP and 9 in the LDP), 13 Q. ilex trees (5 in the HDP and 8 in the LDP) and 24 J. thurifera trees (12 133 in the HDP and 12 in the LDP). The dendrometer bands were revisited on 59 occasions on a regular 134 basis (average period 17 ± 6 days) from May 2012 to April 2015 and the girth of each tree was 135 measured with a precision of 0.1 mm. To avoid diurnal biases due to changes in tree water status 136 (Baker et al. 2002) , all measurements were taken at around 11 am. Details on the characteristics of the 137 selected trees are listed in Table 2 . 138
Daily climatic variables including mean, maximum and minimum temperatures, daily precipitation, 139 days without precipitation and days with frost were gathered from a meteorological station located in 140 the area of study (41º34'N, 4º20'W, 2.5 km from the study site) and managed by the local forest 141 service. 5.9% of absent data were estimated using data from Due to the hierarchical structure of the data, three indices were defined, i, j and s, which represent the 149 tree, the time interval between measurements and the species, respectively. We chose the girth 150 increment (mm) as the response variable (gi ijs ). It was defined as the difference between the girth 151 observations in two consecutive measurements. Since our objective was to study the effects involved 152 in wood expansion at breast height, we smoothed our original dendrometer series (Delpierre et al. 153 2016) by specifying that no shrinkage in girth increment was allowed, thus negative values for gi ijs 154 were set to zero. A logarithmic transformation was applied to comply with the assumption of 155 normality and homogeneous variances: 156
(1) 157
We assumed there were some daily potential effects acting at tree level that define a theoretical daily 158 maximum secondary growth and climate covariates that limit this potential growth. The daily potential 159 effects (PE is ) represent the expected growth when the other factors are at optimal values. Thus, the 160 sum of the daily effects over the time interval j can be used to predict the total secondary growth 161 during this interval. 162
Among the PE is , we included tree-level covariates: inter-and intraspecific competition indices 163 (AOI inter,is , AOI intra,is ), dbh i and a species effect (see eq. 2). We used the area overlap distance 164 dependent competition indices (AOI) developed by Bella (1971) and later modified by Tomé and 165 Burhart (1989) to define inter-and intraspecific interactions between the trees of the area of study. 166
Further details on the description and use of these indices are annexed to this paper (See Appendix). 167
Given the hierarchical structure of the data, it could be suspected that there would be a violation of the 168 assumption of independence. In order to account for this assumption, a tree random effect (u i ) was 169 included on the intercept. We assumed that the differences in stand density among both two plots wereD r a f t adjacent, we did not consider the inclusion of a random plot effect accounting for unobservable effects 172 due to differences in site conditions. 173
where the terms α, β, γ, θ are estimable, in some cases species-specific, parameters, AOI inter,is and 175 AOI intra,is stand for inter-and intraspecific competition, respectively, for tree i of species s, dbh i is the 176 diameter at breast height of tree i and u i is a tree random effect, so that u ~ N(0, σ 2 u ), σ 2 u being the 177 variance of the tree random effects. 178
As regards the climate predictors we considered thermal covariates such as the days since the last frost 179 event, daily mean and maximum temperatures (Tav m , Tmax m in ºC) and water availability-related 180 variables based on daily precipitation and on days since the last precipitation event. Climate variables 181 were grouped into a temperature effect, a frost effect and a drought effect (see eq. 3). Thereby the 182 cumulative effects CE ijs affecting girth increment of tree i of species s over interval j were defined as:
where m extends from the first day to the last day of the increment period j, PE is represents the 185 potential effects as defined in eq. 2 and TE ms , FE ms and DE ms represent the temperature, frost and 186 drought effects at the day m on species s, respectively. These three effects were expressed as non-187 linear functions of climatic variables. 188
The functions were designed to range from 0 (total inhibition of potential growth) to 1 (growth reaches 189 all its potential). Stem growth response to temperature can adopt different shapes depending on the 190 species and can even vary between subspecies of the same genus (Lempereur et al. 2015 , Mayoral et 191 al. 2015 . We chose a Gaussian function for the temperature effect since it had been found adequate in 192 other modelling approaches for Q. ilex subsp. ballota and P. pinea in mixed and monospecific P. 193 pinea forests in the Iberian peninsula (Manso et al. 2013 , Mayoral et al. 2015 under similar climatic 194 conditions as in our study site. The function can be expressed as follows: 195 In the case of frost and drought, we assumed they would have a long lasting effect on secondary 201 growth. Freezing was thought to inhibit girth increment as a function of the number of days since the 202 last frost, with the maximum growth reduction on the very day the frost event occurred. Hence, it was 203 parametrised as:
where φ s is the parameter associated to the frost effect on species s, which was expected to adopt 206 negative values; DF stands for days since the last frost. 207
In regard of drought effects, two approaches were tested (eq. 6.1 and eq. 6.2.1):
where DE ms is the drought effect on species s on day m, DP are the days since the last precipitation 212 event. For the second approach, WR m is a proxy for the daily water reserve on day m, and is iteratively 213 computed considering precipitation on day m, P m , the value of WR m in the previous day m-1, and DP. 214 λ s and δ s are two specific parameters approaching how soil water content diminishes as days without 215 precipitation increase, thus they should adopt negative values. 216
The combination of the climatic effects and the daily potential, as shown in eq. 3, yields the 217 cumulative effects CE ijs that we tried to use as a predictor of gi ijs . After preliminary checks of the 218 residuals, we found out that a log-transformation of CE ijs was needed, the resulting model being as 219 follows: 220
where ε ijs is the error term such that ε ijs ~ N(0, σ 2 ), with σ 2 the residual variance. 222 D r a f t
Model fitting 223
The model was fitted using a maximum likelihood estimator. We followed a sequential procedure to 224 select the effects entering the model: (i) competition and size factors determining daily potential 225 growth, (ii) thermal effects, (iii) drought related effects, (iv) random effects, (v) species specific 226 climatic responses. Preliminary models attained at each step of the model construction were compared 227 in terms of bias (standardized residuals plotted against time), level of significance of the parameter 228 estimates included and three different criteria for model comparison (Akaike information criterion, 229
Bayesian information criterion and minus twice the maximum log-likelihood). At each step, the 230 residuals were checked to identify heteroscedastic patterns. All calculations were carried out using 231
Model evaluation 233
The model evaluation was primarily carried out by computing goodness-of-fit statistics such as mean 234
error (E), root mean square error (RMSE) and modelling efficiency (MEF), computed over the 235 residuals in real scale. The model was evaluated at different scales: whole data-set, per species, per 236 plot and per combination of species and plot. A second evaluation was based on visual comparison of 237 the girth increment trajectories between observed and predicted values. Finally, the accuracy of the 238 model in predicting cumulative girth increment at tree level for the whole period was also tested at 239 different scales by means of E, RMSE and MEF. We performed a t-test on the mean error under the 240 null hypothesis that the model was correct, i.e. E was equal to 0. Consequently, any significant 241 probability could be interpreted as a lack of fit. Evaluation of the model was carried out over raw, non-242 transformed values, thus antilogarithmic back-transformation of predicted values was carried out by 243 multiplying the exponential of the predicted value per 0.5 times the variance of the error terms (Duan 244 1983) . 245
Model validation 246
We did a model validation over a set of trees from the two plots included in the assay. The growth 247 increment data used for the validation was obtained from cores and cross section slices extracted in 248 D r a f t covering the whole range of diameters identified in the area of study. Total number of trees used in the 251 validation were 48 P. pinea (24 per plot), 15 J. thurifera (7 from the low density plot, 8 from the high 252 density plot) and 4 Q. ilex (2 per plot). Q. ilex trees used for the validation had to be felled, which 253 explains the lower amount of Q. ilex trees used for the validation compared to the other species. Model 254 validation was based on computing the Pearson's correlation coefficient between the observed values 255 of the annual radial increment (taken from increment cores and cross section slices) and the predicted 256 annual girth increment obtained from our model. Temporal extent of the validation covered from 1997 257 to 2011 (15 years). Correlation coefficients were thus computed using the 15 observed-predicted 258 annual values for each tree. We did not convert annual girth increment data into annual radial 259 increment since girth measurements take into account bark growth but core increments do not. 260
Growth projections under current and forecasted climate scenarios 261
The final model was used to predict annual girth increment for the three species comparing current 262 climate data with simulated climate data from IPCC RCP 8.5 climate scenario for 2075. Daily climate 263 data were obtained from AEMET projections using climate model ACCESS 1-0 264 (http://www.aemet.es/es/serviciosclimaticos/cambio_climat/datos_diarios), resulting in a 4.5-ºC 265 increase of the average temperature, and a 30% decrease in annual rainfall. For this simulation 266 competition was not considered. 267 268
Results 269

Definition of secondary growth function 270
The sequential process of construction of the models for the secondary growth is shown in Table 3 . At 271 each step of the model construction a new factor was included and compared in terms of -2LL, AIC 272 and BIC with the same model without this effect. Among the main constant factors determining the 273 daily potential growth tree dbh was discarded as it was only significant for J. thurifera and it did not However both drought approaches tested were significant. Drought effect 2 was chosen in preference 280 to drought effect 1 since it improved the model fit in terms of AIC, BIC and -2LL when compared 281 with the same model with drought effect 1 (models [6]- [7] ). The inclusion of a tree random effect 282 resulted in a significant improvement in terms of AIC, BIC and -2LL (models [7] and [8] ). We finally 283 tested the different alternatives of inclusion of specific interactions on the climatic effects (models [9]-284
[15]). The fit of the complete model [15] could not be attained due to convergence problems. 285
Comparison among models [9]-[14] resulted in very minor differences. We finally opted to select the 286 model [12] , including specific parameters for thermal amplitude and drought effect and a common 287 parameter for drought occurrence, as it can be considered a good compromise between goodness of fit 288 and parsimony in the number of parameters entering the model. Table 4 presents the parameter 289
estimates of the preferred model. 290
Factors affecting intraannual growth patterns 291
The final girth increment model produced a hyperplane, depending on biotic and abiotic interactions 292 from which we could infer contrasting growth responses by species for the different factors. Growth 293 patterns were characterized by a succession of sharp increases followed by plateaus, which 294 corresponded to growth increments during spring and fall periods and growth cessation in summer and 295 winter times, respectively (Fig. 1) . 296
Daily potential effects 297
The species effect on the intercept (α s ) was significant for the three species implying different average 298 girth increments for each of them. The effect was greater for P. pinea (α ො ଵ = 3.5498), followed by Q. 299 ilex (α ො ଶ = 2.0815) and J. thurifera (α ො ଷ = 1.9852). Concerning interspecific competition, significant 300 values were observed for Q. ilex (P-value = 0.034) and close to significant for J. thurifera (P-value = 301 0.055), being growth inhibition larger for Q. ilex (β ଶ = -0.09597) than for J. thurifera (β ଷ = -0.05453). 302
Interspecific competition effect was not significant for P. pinea (P-value = 0.527). With respect to 303 intraspecific competition we obtained a significant inhibition of the potential girth increment for P. 304 pinea (P-value = <0.001) and J. thurifera (P-value = 0.010), being more than two times lower for P.D r a f t 13 pinea (γ ො ଵ = -0.1692) than for J. thurifera (γ ො ଷ = -0.3425). The effect of intraspecific competition was 306 non-significant for Q. ilex (P-value = 0.409). 307
Climate covariates 308
As regards the temperature effect, optimum daily average temperatures for secondary growth were 309 16.4 ºC for P. pinea (ߤ̂ଵ), 32.0 ºC for Q. ilex (ߤ̂ଶ) and 17.8 ºC for J. thurifera (ߤ̂ଷ). The scaled 310 normally distributed response of girth increment to daily average temperature differed between 311 species, being three times greater for Q. ilex (σ ෝ ଶ ଶ = 210.3400) than for J. thurifera (σ ො ଷ ଶ = 67.4487) and 312 P. pinea (σ ො ଵ ଶ = 64.7046) pointing to a wider thermal amplitude for Q. ilex than for the other tree 313 species. The symmetric thermal intervals, together with the optimum average temperatures and 314 different thermal amplitudes by species, can be seen in Fig. 2a . With respect to the drought effect on 315 girth increment, it differed across the species, being more limiting for the intraannual secondary 316
To 317 facilitate the interpretation of the drought effect, we ran a simulation considering initial water reserve 318 values of 0 and a single episode of precipitation of 5 mm on the first day of the simulation (Fig. 2b) . 319
Lower values obtained for the drought effect for P. pinea (0.4989) and J. thurifera (0.4297) than for 320 Q. ilex (0.7218), the first day of the simulation imply that Q. ilex makes better use of water than the 321 other two species after an isolated rainfall event when soil water reserves are scarce. 322
Model evaluation 323
Accuracy of the model was first evaluated by means of common statistics as mean error, root mean 324 square error and modelling efficiency, for the whole data set, and separately for each plot, species and 325 each combination of plot and species (Table 5) . Non-significant P-values under the null hypothesis 326 that the mean error (E) = 0 imply that the difference between observed and predicted values is non-327 significant and thereby there is no systematic bias in the predictions. Model predictions of girth 328 increment were unbiased for all levels of grouping. At global scale, RMSE reached 0.694 mm, with 329 MEF over 33.4%. We obtained more accurate predictions for the HDP than for the LDP, especially for 330 D r a f t 14 increment in the LDP. This result is mainly due to the unexpected larger summer growth in 2014 332 observed in three pines in the LDP. 333
The visual agreement between average observed and predicted increment trajectories through the 334 whole cycle (Fig. 1) , perfectly mimicking the bimodal growth patterns, again points to a better 335 performance of the model in the HDP than in the LDP, particularly for predicting the secondary 336 growth of Q. ilex and J. thurifera. 337
We finally tested the ability of the model to predict the cumulative girth increment of the 58 trees 338 evaluated along the whole period of study (1 062 days). Unbiased predictions were obtained for all 339 scales evaluated (Table 6, Fig. 3 ). The combinations of plot and species could not be tested due to the 340 small number of trees involved in some combinations. The accuracy of the model was greater in 341 predicting the girth increment in the HDP, than in the LDP, especially for J. thurifera. Once more, 342
higher RMSE values for P. pinea are due to the unexpected summer growth of three dominant trees 343 (Fig. 3) . However, MEF reached values over 86% and RMSE below 5.6 mm for all the scales studied, 344
showing a high agreement between observed and predicted values, and a notable long-term model 345 accuracy. 346
Model validation 347
Model validation showed a clear agreement between observed annual increment data obtained from 348 cores and cross section slices and the values of annual girth increment predicted using the model 349 (Table 7) The model mimicked the pattern of interannual variability in radial increment (Fig. 4) , especially in 355 the last years of the simulation (2005) (2006) (2007) (2008) (2009) (2010) (2011) . However, the model was not able to match perfectly the 356 effect of the 2002 thinning carried out in the low density plot, since we predicted a 2-year delayed 357 response with respect to the real observed values (Fig. 4a, 4b and 4c) . The results from our simulations under current climate and RCP 8.5. climate scenario indicate 360 secondary growth reductions of 19.1 % for P. pinea and 6.5 % for J. thurifera and a growth increase 361 of 61.6 % for Quercus ilex under these simulated climate projections (Fig. 5) . We would like to stress 362 
Advantages from a multifactorial non-linear approach for intraannual tree growth 371 studies 372
Linear correlations between growth estimates and different climatic variables (Camarero et al. 2010 , 373 Michelot et al. 2012 and linear mixed models (e.g. Martín et al., 2015) have been used to study 374 intraannual growth dynamics. However many climate-growth interactions are known to be non-linear. 375
Previous studies have also highlighted the need of integrating both competition and climatic data for 376 intraannual tree growth studies (Gutiérrez et al. 2011) . In the Mediterranean areas many climatic 377 factors like high temperatures, elevated transpiration and soil water depletion intervene simultaneously 378 constraining intraannual girth increment. We thereby propose a non-linear multifactorial approach that 379 can cope with all this limitations allowing us to understand the ecological needs of different species at 380 one time. 381
Intraannual growth patterns 382
Many studies have found different growth dynamics in pine and oak species during the growing 383 season concerning the date of budburst, leaf unfolding, radial growth onset and cessation, secondary 384 growth rates or contrasting patterns of carbon allocation (e.g. Michelot et al., 2012; Zweifel et al., 385 D r a f t represents a good alternative to study girth increment based on daily and cumulative climatic effects as 388 it only considers stem growth with stem shrinkage set to values of zero. Model predictions for 389 cumulative girth increment were unbiased and show a notable long-term model accuracy. The general 390 growth rates of the three tree species we studied (Ruiz de la Torre 2006) indicate that P. pinea has the 391 highest potential girth increments followed by J. thurifera and Q. ilex which is consistent with the 392 intercept values we obtained. Previous studies in the Iberian peninsula (Campelo et al. 2007b , 393 Camarero et al. 2010 , Martín et al. 2014 ) have reported bimodal growth patterns for the three species 394 over the year, characterized by a succession of sharp growth increases followed by plateaus, which is 395 in line with our results. Diameter growth increased mainly during spring and autumn, coinciding 396 periods of higher precipitation, increased soil water reserves and milder temperatures for growth 397 (Pinto et al. 2011) . Girth increment was repressed in summer, which is in agreement with a growth 398 inhibition by high average temperatures and soil water deficit during the summer (Campelo et al. 399 2009). Secondary growth also stopped in winter, probably due to cambial dormancy caused by low 400 average temperatures (Liphschitz et al. 1984 , Gea-Izquierdo et al. 2009 ) and photoperiod shortening 401 (Cherubini et al. 2003) . 402
Size effects and intraannual competition differences between and within species 403
We obtained significant growth restrains by interspecific competition for J. thurifera and Q. ilex. 404
Interspecific competition was also size-symmetric (De-Dios-García et al. 2015) , implying that 405 resource uptake is independent of target tree sizes and takes place mainly for belowground resources 406 (Schwinning and Weiner 1998) . However interspecific competition was not significant for P. pinea on 407 a daily basis. Juniper trees seem to develop shallower root systems in drought stressed sites than co-408 occurring pine species (Willson et al. 2008) while Mediterranean oaks tend to develop large taproots 409 reaching deeper soil layers when growing in drought-prone environments (Canadell et al. 1996) . We 410 further obtained competitive reduction for J. thurifera, interspecific interactions being less intense than 411 intraspecific interactions, which is another proof of niche partitioning and interspecific differentiation 412 in resource use (Forrester 2014) . 413 D r a f t García et al. 2015) , were also size-asymmetric, indicating that larger trees benefit from a larger part of 416 the resources, which limits the growth of their smaller conspecific neighbours (Schwinning and 417 Weiner 1998). However and contrary to our third hypothesis, the effect of intraspecific competition on 418 girth increment was two fold in J. thurifera compared to P. pinea. Low levels of intraspecific 419 competition imply complete growth cessation for J. thurifera, but not for P. pinea. The more limiting 420 effect of intraspecific competition on J. thurifera secondary growth could be due to their clumped 421 spatial pattern (unpublished data) found in the field around bigger P. pinea trees. In the case of the 422 evergreen oak Q. ilex intraspecific competition indices were not significant. A large scale study on the 423 15 most important tree species in the Iberian peninsula indicated that Mediterranean evergreen 424 broadleaved species were the least sensitive to competition in terms of growth (Gómez-Aparicio et al. 425 2011) . Another explanation for this result might be the low diameters found for Q. ilex in these forests 426 that were intensively coppiced for fuelwood and charcoal production until 1950s, constituting 427 nowadays mainly a coppice forest. 428
Secondary growth responses to climate are species dependent 429
Previous studies state that the main climatic effects constraining intrannual secondary growth of Q. 430 ilex are temperature at short time scales (Gutiérrez et al. 2011 ) and water availability (Corcuera et al. 431 2004 , Martín et al. 2014 , which were both significant in our study. J. thurifera is also known to have 432 a pronounced phenological activity, with a strong cambium dormancy in xeric sites during summer 433 and a radial growth resumption due to cambium reactivation following late-summer and autumn 434 rainfalls (Camarero et al. 2010) . We obtained higher autumn girth increments for J. thurifera than for 435
Q. ilex. Autumn precipitation events are known to moisten only the most superficial soil layers in 436
Mediterranean continental areas (Camarero et al. 2010 ). Since J. thurifera roots are mainly developed 437 in the upper soil profile, this may provide them a competitive advantage, allowing them to invest more 438 resources on diameter growth than co-occurring pines and oaks during the autumn season. As regards 439 D r a f t 2015), which are consistent with the optimum temperatures for growth that we obtained for each of 444 these species. These results are also in accordance with a more thermophilic and light demanding 445 strategy for Q. ilex than for P. pinea and J. thurifera trees. However, studies on intraannual growth in 446
other Pinus and Quercus species indicate that the carbon fixed through photosynthesis is not directly 447 used for radial growth in above-ground wood, evidencing that the early phase of radial growth 448 completely depends on internal C-stores (Zweifel et al. 2006) . 449
The wider thermal amplitude obtained for Q. ilex, compared with J. thurifera and P. pinea confirms 450 the eurythermic character of this species, as it had been previously outlined in the literature (Ruiz de la 451 indicate that considering only elevated temperatures is not sufficient to explain this growth 454 suppression. A combined effect of high temperatures, elevated evapotranspiration and soil water stress 455 could cause the secondary growth inhibition, as observed in this study. 456
Drought effect was significant and inhibited growth for all species. However it was less limiting for Q. 457 ilex than for J. thurifera and P. pinea. Other studies have found different growth responses to drought 458 events between pine and oak species, oaks being more resistant to summer droughts and pine species 459 being more resistant to spring droughts (e.g. Morán-López et al., 2014) . Pine trees are known to unfold 460 their needles during the summer and can attain one fourth of the total annual radial growth by the time 461 their leaves reach full expansion (Zweifel et al. 2006 ). However summer droughts, which were the 462 main drought events that occurred during the period of study, can strongly affect the secondary growth 463 of pines since they hamper needle formation and cell enlargement reducing their radial increment 464 (Merlin et al. 2015) . Furthermore, both Q. ilex and J. thurifera are known to profit from isolated 465 summer rainfalls (Corcuera et al. 2004 , Camarero et al. 2010 , Gutiérrez et al. 2011 activating 466 xylogenesis and expanding their radial growth forming double rings (Campelo et al. 2007a) . As 467 opposed to this, P. pinea cannot benefit from this water supply during the driest months of the year 468 (Campelo et al. 2007b ). This behaviour in Q. ilex is particularly interesting in trees living in a 469 D r a f t in continental sites in the Iberian peninsula, with similar precipitation regimes and lower stand 472 densities obtain opposite growth tendencies with respect to late-summer precipitations (Gea-Izquierdo 473 et al. 2009). We hypothesize that similar precipitation regimes in Mediterranean continental sites may 474 be more favourable in mixed forests, due to niche complementarity, leading to less water-stressed 475 conditions in the summer for evergreen broadleaf trees. 476
Model validation and growth projections 477
There is a marked recent tendency towards drier and hotter summer seasons in the region of study 478 according to historical data from Valladolid meteorological station (www.aemet.com). 479
The model was constructed with data from 2012-2015, therefore considering more similar climate 480 conditions to the ones found in the last period of the validation (2005) (2006) (2007) (2008) (2009) (2010) (2011) . The low density plot was 481 also subjected to thinning practices to reduce stand density in 2002. The effect of thinning on the 482 secondary growth of remaining trees was not considered in the model, which was constructed with 483 girth increment data from 2012-2015, ten years after the thinning treatment was applied. We believe 484 this may explain the poorer model performance in the first years of the validation and the more 485 accurate growth predictions three years after the thinning treatments were applied. 486 According to our model projections for 2075 the 4.5 ºC increase on average temperature and 30% 487 decrease in annual rainfall expected in the region of study will negatively affect the secondary growth 488 of P. pinea. If competition were included in these projections, intraspecific competition may even be 489 translated in lower secondary growths for P. pinea. Q. ilex will be favoured maybe due to its wider 490 thermal amplitude; however reduced growth could be expected if interspecific competition were 491 considered. J. thurifera will remain practically unaffected but may have slight growth reductions 492 including inter-and intraspecific competition. 493
Conclusions 494
Forest managers should be cautious to extrapolate these results at a forest management scale due to the 495 low explained growth variance, particularly for P. pinea growing in mixed stands in low densities. 496
However our predictions for cumulative girth increment show a notable long-term model accuracy. 497
We thereby believe that this model is a useful tool to describe the effect of inter-and intraspecific 498 
